A simple, sensitive and specific method was developed for the determination of famotidine (FMT) in pharmaceutical preparations and biological fluids. The proposed method is based on ternary complex formation of famotidine (FMT) with EDTA and terbium chloride TbCl 3 in acetate buffer of pH 4. Alternatively, the complex is formed via the reaction with hexamine and either lanthanum chloride LaCl 3 , or cerous chloride CeCl 3 in borate buffer of pH6.2 and 7.2 respectively. In all cases, the relative fluorescence intensity of the formed complexes was measured at 580 nm after excitation at 290 nm. The fluorescence intensity -concentration plots were rectilinear over the concentration range of 10-100, 5-70, and 5-60 ng/ml , with minimum quantification limits (LOQ) of 2.4, 2.2, and 5.2 ng/ml , and minimum limits of detection (LOD) of 0.79, 0.74, and 1.7 ng/ml upon using TbCl 3 , LaCl 3, and cecl 3 respectively. The proposed method was applied successfully for the analysis of famotidine in dosage forms and in human plasma. The kinetics of both alkaline and oxidative induced degradation of the drug was studied using the proposed method. The apparent first order rate constant and half life time were calculated. A proposal of the reaction pathways is presented. (Int J Biomed Sci 2009; 5(2):158-168) 
Literature survey reveals many methods for the determination of famotidine in pharmaceutical preparations and biological fluids including: spectrophotometry (2-9), polarography (10) , HPLC (11) (12) (13) (14) (15) (16) (17) , and fluorimetry (18, 19) .
The British Pharmacopoeia (BP) (20) recommends a non aqueous potentiometric method for the determination of FMT using perchloric acid as a titrant. The United States Pharmacopoeia (USP) (21) recommends a similar approach for the determination of FMT in its bulk form, and an HPLC for its determination in tablets using a mobile phase consisting of acetate buffer: acetonitrile (93:7) of pH6 with UV detection at 275 nm.
Literature review reveals many methods for the spectrophotometric determination of famotidine, these include the following.
Famotidine has been determined through charge transfer reaction with picrolonic acid at 362 nm (2) , ninhydrin at 590 nm (3) , tetracyanoquinodimethane at 840 nm (7), and with chloranilic acid at 525 nm (8) .
Two methods were developed for the determination of FMT. The first method was based on the reaction between FMT and Fe 3+ -1,10 phenanthroline and measuring the formed complex at 510 nm. The second method was based on the reaction of the liberated Fe 2+ with 2, 2-bipyridyl and measuring the product at 520 nm (5) .
A reported method for the analysis of Famotidine depends on its reaction with 1, 4 Benzoquinone reagent at pH5.2 (18) . The absorbance of the resulting condensation product was measured at 502 nm. The absorbance-concentration plots were rectilinear over the range 40-160 μg.ml -1 Furthermore the resulting condensation products exhibited fluorescence at 665 nm after excitation at 290 nm and the calibration graph was rectilinear from 0.4-1.4 μg.ml -1 . Another spectrofluorimetric method depends on the synchronous spectrofluorimetric assay of the drug in the presence of fluconazole and ketoconazole using methanol as a solvent (19) . The fluorescence intensity of FMT was recorded at 384 after excitation at 284 nm. The calibration curve was linear over the concentration range 15-50 μg/ml.
The proposed method is superior to the previous methods in being more sensitive, simple, less time consuming and having a lower detection limit (LOD; 2.1, 2.2, and 5.2 ng/ml using Tb +3 , La +3 , and Ce +3 respectively). Lanthanides have been frequently used for the determination of several compounds of pharmaceutical interest. Terbium for example was utilized for the assay of some catecholamines (22) , niflumic acid (23), nalidixic acid (24) , heparin (25) (26) , oxolinic acid (27) , and several fluoroquinolone antibiotics such as levofloxacin (28) grepafloxacin (29) pazufloxacin (30) ofloxacin (31) lomefloxacin (32) ciprofloxacin (33) and enoxacin (34) .
The proposed method is simple, sensitive and rapid; moreover, it is readily applicable for the determination of FMT in spiked and real human plasma.
ExpErIMEnTAL Apparatus
The fluorescence spectra and measurements were recorded using a Perkin Elmer LS 45 Luminescence Spectrometer equipped with a 150 W Xenon discharge lamp and a 1 cm quartz cell.
Materials and reagents
All reagents and solvents were of Analytical Reagent grade.
1) Famotidine (FMT) was kindly provided by Memphis Chemical Company, Cairo, Egypt. Its purity was checked according to BP (20) and was found to be 98.8%.
2) Pharmaceutical preparations:
• 6) Ethylenediamine tetra-acetic acid (di-sodium salt) EDTA, 1.5 × 10 -3 M aqueous solution was prepared; 7) Hexamine, 10% aqueous solution was prepared; 8) Acetate buffer (pH4.0) was prepared by mixing 0.2 M acetic acid and 0.2 M sodium acetate (20) . Borate buffers (pH6.2 and 7.2) were prepared by mixing 0.2 M boric acid with 0.2 M sodium hydroxide (20) . The pH has to be checked periodically; 9) Methanol (BDH, Poole,UK). 10) Standard solutions: stock solution was prepared by dissolving 100.0 mg of FMT in 100 ml of methanol and was further diluted with the same solvent as appropriate. The working standard solutions were stable for 7 days when kept in refrigerator.
General procedures
procedure Ι (using TbCl 3 ). Aliquot volumes of FMT standard solution covering the working concentration range of 10-100 ng/ml were transferred into a series of 10 ml volumetric flasks. Two ml of TbCl 3 (8 × 10 -4 M) were added, followed by 1.0 ml of 1.5 × 10 -3 M EDTA, and 2 ml of acetate buffer (pH4) and completed to the mark with distilled water ; the fluorescence intensity of the resulting solution was measured at 580 nm after excitation at of 290 nm (Fig. 2) . A blank experiment was prepared simultaneously for each measurement. The corrected relative fluorescence intensity was plotted against the final concentration of the drug (ng/ml) to get the calibration curve. Alternatively, the corresponding regression equation was derived.
procedure ΙΙ (using LaCl 3 ). Aliquot volumes of FMT standard solution covering the working concentration range of 5-70 ng/ml were transferred into a series of 10 ml volumetric flasks. Two ml of LaCl 3 (5 × 10 -4 M) were added, followed by 2 ml of 10% hexamine, and 2 ml of borate buffer (pH6.2) and completed to the mark with distilled water. The procedures as described under "Procedure Ι" were completed. procedure ΙΙΙ (using CeCl 3 ). Aliquot volumes of FMT standard solution covering the working concentration range of 5-60 ng/ml were transferred into a series of 10 ml volumetric flasks. Two ml of CeCl 3 (1 × 10 -3 M) were added, followed by 2 ml of 10% hexamine, and 3.5 ml of borate buffer (pH7.2) and completed to the mark with distilled water. The procedures as described under "Procedure Ι" were completed.
procedure for tablets. Twenty tablets were weighed and pulverized. A weighed quantity of the powder equivalent to 100.0 mg of famotidine was transferred into a small conical flask, and extracted three successive times each with 30 ml of methanol. The extract was filtered into a 100 ml volumetric flask. The conical flask was washed with a few mls of methanol and completed to the mark with the same solvent. Aliquots covering the working concentration range were transferred into 10 ml volumetric flasks. Procedure I, II, or III was applied. The nominal content of the tablets was determined either from the calibration graphs or using the corresponding regression equations.
procedure for ampoules. The contents of 10 ampoules were mixed, aliquots containing 100 mg of FMT were transferred into 100 ml volumetric flask and serial dilution was done with methanol to obtain the working concentration range. Procedure I, II, or III was applied and the nominal content of the ampoule was determined either from the calibration curve or using the corresponding regression equations.
procedure for preparation of degradation products. For kinetic studies, aliquot volumes of FMT standard solution containing 400 µg/ml were transferred into a series of 25 ml volumetric flask to obtain a final concentration of 40 µg/ml. 0.5 M sodium hydroxide, or hydrogen peroxide (1%) were added to prepare the alkaline, or oxidative degradation product respectively. The solution was left in a boiling water bath for 80 minutes in case of alkaline degradation, and at ambient temperature for oxidative degradation. Aliquot volumes of the hydrolyzed solution were transferred to a series of 10 ml volumetric flasks for a fixed time interval (10 minutes), neutralized with 0.5 M hydrochloric acid for alkaline degradation and Procedure I, II, or III was applied. The relative fluorescence intensity of the resulting hydrolyzed solutions after complexation with any of the studied metals was Figure 2 . Fluorescence spectra of the formed complex where: B and B' are the excitation and emission spectra respectively of FMT (40 ng/ml) -Tb +3 complex at pH4; A and A' are the excitation and emission spectra respectively of FMT (40 ng/ ml) -La +3 complex at pH6.2; C and C' are the excitation and emission spectra respectively of FMT (40 ng/ml)-Ce +3 complex at pH7.2 recorded at 580 nm after excitation at 290 nm. log a/a-x versus time (minutes) was plotted to get the reaction rate constant and the half life time. Complete degradation was attained by following the same procedure using 2M sodium hydroxide or 30% hydrogen peroxide for alkaline or oxidative degradation. The solution was boiled for 1 hour in case of alkaline degradation, and neutralized with 2 M hydrochloric acid. For oxidative degradation, the solution was allowed to stand for 60 minutes at room temperature, and the excess hydrogen peroxide was expelled by boiling in a water bath for 30 minutes.
procedures for spiked human plasma. Aliquots of human plasma (1.0 ml) were transferred into a series of centrifugation tubes, and spiked with increasing quantities of FMT to get a final concentration range of 20-60 ng/ ml. Three ml of 1.2 mM trichloroacetic acid (1 × 3) were added, centrifugation at 3000 rpm for 30 minutes was performed, the aqueous layer was transferred quantitatively to 10 ml volumetric flasks, and Procedure I, II, or III was applied. The nominal content of FMT was determined from the regression equation.
procedures for real human plasma. Servipep® tablet (40 mg famotidine/tablet) was administered to a healthy male volunteer (40 years old). After overnight fasting, 5 mls blood sample was withdrawn 3 hours after administration of the drug, 5 ml of citrate buffer were added, then centrifuged to get about 2-3 ml of plasma. Steps as described under "procedures for spiked human plasma" were followed.
rEsuLTs

Optimization of reaction conditions
The spectrofluorimetric properties of the formed fluorophores as well as the different experimental parameters affecting development and stability of the complex were carefully studied and optimized. Such factors were changed individually while the others were kept constant. These factors include: different types of buffers, pH, volume of the buffer, concentration and volume of the metal ion used, volume of EDTA and hexamine, temperature, and effect of different diluting solvents.
Effect of addition order
The effect of addition order on the fluorescence intensity of the system was studied. The results show that the addition order of FMT-lanthanide ion-EDTA-acetate buffer or hexamine-borate buffer is the best regarding the fluorescence intensity readings.
Effect of buffer type and pH
Different types of buffers such as phosphate, citrate, or BRb (Britton Robinson buffer) of the same pH values were studied. It was found that acetate and borate buffers were superior to the other studied buffers since they produced higher fluorescence readings.
The influence of pH of the buffer on the fluorescence intensity of the formed complexes was investigated over the pH range 3.5-5.6 (acetate buffer) and from 6-8.5 (borate buffers). Maximum and constant fluorescence intensities were achieved using acetate buffer pH (3.8-4.2), borate buffer (6-6.5) and (7-7.5) for Tb +3 , La +3 , and Ce +3 respectively (Fig. 3) . Therefore, acetate buffer of pH4 ± 0.2, borate buffer of pH6.2 ± 0.2, and borate buffer of pH7.2 ± 0.2 were used as the optimum pH values throughout the study.
Effect of Tb
+3 , La +3 , and ce
+3
Keeping all other variables constant, it was found that increasing the volume of Tb M), and Ce +3 (1.0 × 10 -3 M) respectively resulted in a gradual increase in the relative fluorescence of the complexes up to 1.5 ml, after which it remained constant, therefore, 2.0 ± 0.5 ml of the metals was chosen for this study
Effect of EDTA and hexamine
Keeping all other variables constant, it was found that increasing the volume of EDTA (1.5 × 10 -3 M) resulted in a gradual increase in the relative fluorescence intensity of the complexes up to 0.6 ml, after which it remained constant, therefore, 1.0 ± 0.4 ml of the reagent was chosen for this study.
Hexamine was used for La +3 and Ce +3 since it gives higher fluorescence readings than EDTA. Increasing the volume of hexamine resulted in a subsequent increase in the relative fluorescence values of the formed complexes up to 1.0 ml in case of La +3 , and up to 1.5 ml in case of Ce +3 , after which the fluorescence remained constant, therefore 2.0 ± 0.5 ml of 10% hexamine was chosen throughout this study.
Effect of different diluting solvents
For all the studied lanthanides, different diluting solvents were tested to choose the most suitable one for the complex formation. The investigated solvents include: water, acetonitrile, methanol, dioxane, dimethylsulfoxide, acetone, 0.1 M sodium hydroxide, and 0.1 M hydrochloric acid. The highest fluorescence intensity was obtained using water which adds another advantage to the proposed method. The results are mentioned in Table 1 .
The proposed method was applied for the determination of FMT in pure form. The linearity range, detection and quantitation limits (LOD & LOQ) according to ICH Q2B recommendations (37) , and performance data using statistical analysis of the results (38) , are abridged in Table 2 .
robustness of the method
The robustness of the procedures adopted was demonstrated by the consistency of the relative fluorescence values with the deliberately minor changes in the experimental parameters such as, acetate buffer of pH4 ± 0.2, borate buffer of pH6.2 ± 0.2, and borate buffer pH7.2 ± 0.2 produces a constant relative fluorescence using Tb , so n=0.5); C, is the molar concentration of the drug used in Job's continuous variation method.
Using the above equation, K f was found to be 7. ; and (C) FMT-Ce +3 complexes (FMT=40 ng/ml). The negative value of ∆G indicates that the reaction is spontaneous.
Mechanism of the reaction
The stoichiometry of the reaction between FMT with Tb +3 , La +3 or Ce +3 was determined using Job's continuous variation method (40) .For Job's method, the plot reached a maximum value at a mole fraction of 0.7 for Tb +3 which indicated the formation of a 2:1 FMT -Tb +3 , 0.5 for La +3 and Ce +3 presenting the formation of 1:1 FMT-La +3 or FMTCe +3 (Fig. 4) . The reaction pathway is proposed to proceed as shown in the Fig. 5 and Fig. 6 .
pharmaceutical applications
The proposed method was further applied to the determination of FMT in its tablets and ampoules.
Common tablet excipients such as talc, lactose, starch, gelatin and magnesium stearate did not interfere with the assay. The results are abridged in Table 3 .
Interferences
Many drugs which are frequently co-administered with FMT such as: magaldrate, dimethicone, and metformine were carefully tested. All of the studied compounds showed a negative interference as revealed by the low fluorescence intensity readings. The results are abridged in Table 4 .
stability study
The proposed method is based mainly on the complex formation between lanthanide ions and an electron-donating partner. Degradation was attained upon induced alkaline treatment with sodium hydroxide (0.5 M) or oxidative degradation using hydrogen peroxide. Upon alkaline and oxidative degradation of FMT, the relative fluorescence readings of the fluorophore decreased gradually with time, thus indicating that the proposed method is a stability indicating one. The photo induced alkaline degradation of FMT followed first order kinetics (Fig. 7) with a rate constant K=0.012 min -1 and t ½ was found to be 58 minutes using Tb +3 . On the other hand, the oxidative degradation of FMT also followed first order kinetics (Fig. 8) with a rate constant K=0.008 min -1 , and t ½ was found to be 87 minutes using Tb +3 , other metals behave similarly Complete alkaline or oxidative degradation was indicated from the disappearance of the fluorescence spectrum of the fluorophore. It was confirmed by performing a TLC scanning technique using a mobile phase consisting of chloroform: methanol: acetonitril (2:1:1) with UV detec- ++ tion, where the R f values were found to be 0.81, 0.33, and 0.31 for famotidine, alkaline and oxidative degradation products respectively. Complete alkaline degradation was attained after boiling with 2 M sodium hydroxide for one hour, while complete oxidative degradation was accomplished through the addition of 30% hydrogen peroxide and allowing the reaction mixture to stand for one hour at room temperature. The results of analysis of FMT intact drug in the presence of its degradation products is shown in Table 5 . It is clear that the degradation products didn't interfere with the assay of the intact drug.
Upon exposure of a methanolic solution of FMT to Deuterium lamp with a wavelength of 254 nm at a distance of 15 cm in a wooden cabinet for different time intervals (10 minutes interval up to 180 minutes), and then the proposed method was applied. It was found that only 25% of the drug was decomposed.
Application to spiked and real human plasma
FMT is readily but incompletely absorbed from the gastrointestinal tract with peak concentrations in plasma occurring within 1 to 3 hours after oral dose (1). The serum therapeutic concentration range is 20-60 ng/ml (41), with a peak plasma level of about 156 ± 22 ng/ml reached within 3 hours (41). These value lie within the working concentration range of the proposed method, thus it could be successfully applied to the determination of FMT in both spiked and real human plasma over this range. The results are summarized in Table 5 .
precision
The within-day precision was evaluated through replicate analysis of plasma samples spiked with 50 ng/ml of the drug as cited in table 6. The mean percentage recoveries based on the average of four separate determinations using either Tb +3 or La +3 and Ce +3 are summarized in Table 6 .
The inter-day precision was also evaluated through replicate analysis of plasma samples spiked with 40 ng/ml of drug on four successive days. The results are abridged in table 6. On the other hand, the % recoveries of FMT in real human plasma were 99.60 ± 1.03, 99.28 ± 1. 35 
DIsCussIOn
The proposed method which depends on ternary complex formation of FMT with some lanthanide ions. It has the advantage over the previously reported methods as being more sensitive, simple, less time consuming and having lower detection limits.
The molecular structure of FMT is characterized by the presence of primary amine, sulphonamide and guanidine groups which are able to undergo complexation with lanthanides, and this initiated the present study.
Terbium chloride (TbCl 3 ), lanthanum chloride (La Cl 3 ), and cerous chloride (CeCl 3 ) are members of the lanthanide group. Lanthanide ions emit weak fluorescence because of the weak absorption bands, and because they can be non- radiatively deactivated by the solvent molecules (35) . The main advantages of lanthanide chelates in fluorescence spectrometry include large Stok's shift, narrow emission bands and long fluorescence life time (36) .
Famotidine was found to form highly fluorescent complexes with TbCl 3 at pH4, with LaCl 3 at pH6.2, and with CeCl 3 at pH7.2. The fluorophores were formed instantaneously and remained stable for more than 120 minutes. 
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